March 7, 19t¢6

Dr. Kenneth Murray

Laboratory of Molecular Biology
Hills Road

Cembridge, Fngland

ear ZXen,

It was good to hear from you and about your attempts to uet at nucleo-
tide sequence det:rmination of UNS, /Zlthough we put in a fair amount of
developruent work in tryiag tc utilize the ribonucleotide trick ior study of
nucleotide sequences in UNA, we have never pushed it further and I do not
forsee that we will get back to it in the near future.

Unfortunately, this summer is alinost the very worst time you could
have suggested., First of all, during much of June 1 will be away (Cold Spring
Harbor Meeting and Gordon Conference) or involved in organizing this year's
Gordon Conference (June 20 - 24). OUn about July 1 1 will be gcing to Greece
ior about three weeks to participate in a course in Molecular Biology, 1
probably will be back by late July and will spend August and “epternber in
Falo Alte, However, it's very likely that our entire department will be in a
turmoil because of construction. £ ¢ & result of our gaining new space, con-
siderakle rencvations are being rmade and we shall probably have to double
up for part of the tim=a, I fear that the summer is apt to be quite hectic and
not very conducive to work, This, of course, is not @ very inviting picture
for you, but I don't think ] can be too much more encouraging.

Let me tell you however of some of my impressions about the utility
of using the ribonucleotide trick for ONA nucleotide sequence determinaticn.
In principle the method should work well and certain of the practical aspects
worked out even better than I expected. The inajor difficulty is in knowing
what the ONA polymerase is copying since 'what one looks at is the product of
the enzyme reaction and nct the native JNA per se. If only selected regions
are copied under these conditions, the measured distribution of aifferent
sequences would be biasea. The trouble is that there is no good standard
small {less than 100 nucleotides) DNA with which to check the method; we
tried that with the cvt b2 (BBA 108, 242, 19t5) but that wasn't the answer.



In any case, the experiment I did to test the methodology was as
follows. I used calf thymus DNA as primer and dJ‘sTP(Ll't), d"‘Trib
dCTP(C 4) and roTVF-a- F as substrates in the presence of Mn . h
product was recovered by acid- prempltanon, dxgestec with alkali and after
adding the miarkers Cp, ApCp, GpClp and £pLoCp the mixture was chromato-
graphed on a Tener Columa {7 M urea and & wlt sradient), [ succeesion of
peaks were eluted; the first contained ounly ’”p32 e O 14\ 211 the next twa
peaks coincided with the dinucleotide and irinucleotides markers. 75 sxpected,
there was an increasing ratio of Cl4/E32 the later the iractlons ware eluted,
¥ach of the first four peaks were pooled, urea was removed and the contents
subjected to two-dimensional mapping a'la Rushizky., Ine maps were auio-
radieopraphad with X-rav filrm and the films chow=d that peakt 1 containes only
Cp32. peak 2 contained three radivactive spots, two of which nearly coincided
with the A4pCp and Gplp markers and the third appeared in a region consistent
with TpCp. Feak 3 gave 5 clearly discernible radioactive spots {there w:s
alsc ona other very faint cne) one ¢f which was verv close to the fpapicn
marker. Jhe three dinuclsotides ithese are the only ones possible it the
nypothesis upon waich the methed is pasad is correct) were eluted, degraded
in differ=nt ways and shown to be what I've mentioned above, 7ihe % trinucleo-
tide spots were eluted and rechromatorraphed in 30% saturated ammonium

zulfate, Two o1 them gave onlv z single zpet and were snowa to be ApfpTp
and TpTlpCp, respectively. ne gave two spots in about equal amounts 2nd
these turned out to be Tpoplp ard nTpua,,  fhe othar two 2ach peva two spots

gi1g in 2ach instance one of the tw2 soots sonwines 2 prroximately 80 to 90% of
tnz latcel, The prademinant trinuclectides wora Gol plo and GpTplp and we
Ladieve the miner components veye the " Lovere  wlelp and TpCplyp, res-
peruvely, out tne latter twe were not thorouchly characterized, i'he one very
iaiatly visibie trinuclectide spot wa2s nevaev identified put may have been GpGpCp.
Sectually, it was a mistake for us o have used calf thymus TNE to
przctice on pecaus?2 it was already Waown froin Jeese 2t al. that the sequance
Gpo was vary low in this JNA and one wonld pradict *hat the frequnmy of
GGC, TGC and AGC would be very low. 1 should point out that C Y4 1abeled
deoxynucleosidr trighosphates wer2 usac in thie axperiment to acilitate the
task of proving ihe composition and s=aquernce of the trinucleotides. The di-
aucleotides are easilv analyvzed because toey have the torm Z‘(-’*Cg and on
spleen phospnodiesterase they vield )(15' and C;? which are rnadily identifiad,
But with a trinuclevtiis Xn Yﬁ"’); there would be no wav of identifying the
sase in JORR Y tion ~.

The major problem at present is, 3= I meontion=ad above, tha2 lack of
assutrance cf the fidality of copying of douhle-stranded N2 by the TNA poly-
merase, -9 iar, from Kornberg's experience, I would say the beet candidate
is M13 single-stranded DNA as primer zad converting it to a completely



(3]

double-stranded circle (the newly synthesized strand is believed to be open).

In this system no branched DNA is made until after one replication. CUne could
by using the ribonucleotide trick here obtain the family of fragments from the
complement to the M13 phage DNA, Idon't know, however, how well M13 is
copied with Mn and a ribotriphosphate. We zlso had talked at one time of
looking at the terminal sequence of M DNA, Quite possibly by <opying the
terminal regions to produce fully doulble-stranded molecules (‘track and Kaiser)
with a ribonucleotide only in th= newly copied portion, one might derive fragments
from that short sequence,

Une other difficulty which we also were not able to overcoimne and which
limits the method to socm:e sxtent i8 the inability to substitute a U or r1 for the
dT residue. For some reason UIF or *rTTF is not significantly incorgorated
under conditions where the other ribonucleotides work,

i'a surry that i can't e more encouraging about your wish to come
ese this sunoines, out it probably would not be the most conducive place for
what you want to do in any case. “Ye could certainly send you some of the
enzyme and rnost of the ¥ ribonucleoside triphosphates are available com-
ruarcially, I I can be of any help I'd be glad to try.

Nith best regards,

Sincerely,

Faul Ferg

tB:icin



